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SUMMARY PAGE

THE PROBLEM

Several explanations have been advanced concerning the persistent nystagmus that
is provoked by constant velocity rotation about an Earth-horizontal axis. In one view,
this response is attributed to stimulation of the otolith system, and in another, to stimu-
lation of the semicircular canals. To obtain evidence on this issue, an examination was
made of nystagmus responses elicited by Earth-horizontal axis rotation in a patient who
possessed residual otolith function, but whose loss of semicircular canal function was
nearly complete.

FINDINGS

The patient displayed a clear (but abnormal) nystagmus response during rotation
about an Earth-horizontal axis, confirm~ng the hypothesis that this response depends up-
on the otolith system. This test appears to measure dynamic otolith function and there.-
fore provides a useful supplement to other vestibular tests.
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INTRODUCTION

When man is rotated at a constant speed of 60 deg/sec about an Eurth-vertical
"*,xis with the head positioned so that ihe horizontal canals are in the plane of rotation, I
primary vestibular nystagmus subsides about 40 c,%c after the initial angular acceleration
ends. When the rotation axis is horizontal but all other aspects of the rotation are the
same, nystagrnus persists for as long as the rotation continues (1, 5). The important d;f-
ference in these two stimulus situations is as follows: When the rotation axis is vertical,
the vestibular structures maintain a constant crientation relative to gravity, and it is well
known that the horizontal vestibular nystagmus in this situation depends upon stimulatior
nf the hor~zontal semicircular canals by angular acceleration. In contrast, when the ro-
tation axis Is horizontal, the vestibular structures undergo ccntinual reorientation rela-
tive to gravity, and although the Initial horizontal nystagmus is partially attributable to
angular acceleration, the long-persisting response derives from somu additional sensory
input which Is not dependent upon angular acceleration but is dependent upor. change in
orientation relative to gravity.

This additional Input comes from the vestibular structures; men with bilateral loss
of labyrinthine function do not yield an unequivocal nystagmus i,%;sponse during rotation
about an Earth-horizontal axis, and their subjective experiences are quite different from
those of men with nori-al function (5). Conflicting views have been expressed concern-
ing the specific vestibular mechanisms responsible for thic kind of persistent nystagmus.
Benson and Bodih (1) postulated a novel mode of semicircular canal stimulation, whereas
Guedry (5) suggested that the response Is caused by stimulation of the otolith organs.
Two animal experiments support the latter hypothesis. Jcneke et al. (6) found that sec-
tioning the dticular nerve In rabbits abolished sustained nystagRu's-durlng rotation about
an Earth-horizontal axis. Correla and Money (2) reported that a clear nystagmus response
durin' rotation about tn Earth -horlzontai axis was still present in cats after all six semi-
circular canals had 6een blocked, even though no response could be elicited In these op--
erated animals by strong angular arceleration about an Earth-vertical axis. Taken to-
gether, these two experiments on animals Indicate that the sustained nystagrnic response
during rotation about an Earth-horizontal axis is provoked by the otolith system. Recent
study of a clinical case appears to extend this conclusion to man. A complete descrip-
tion of the patient appears elsewhere (4); only the findings relevant to the present dis-
cussion are summarized herein.

CASE REPORT

The subject, a healthy appearing man 2o years of age, had always been well and
active except for persistent dizzy spells since childhood, which had been ascribed to
"nerves. "1 After a careful evaluation of the vestibular organs at the Naval Aerospace
Medical Research Laboratory In Pensacola, a diagnosis was made of "idiopatnic progres.-
sive vestibular degenoration." Hearing was normal. Variability in test results and span-
taneous attacks of dizziness and vertigo indicated that the pathologicai process was ac-
tive at the time he was being tested. Three years later, loss of vestibular function was
found to be virtually complete.
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The significance of this case to the present discussion lies in the pattern of func-
tional loss at the time the tests were conducted. Thermal stimulation and strong angular
acceleration about an Earth-vertical axis were used to a:sess semicircultar canal function.
These tests indicated that horizontal canal function was eitner severely red iced or ab-
sent. Otolith function was assessed by the ocular counterrolling (7) and the oculogravic
illusion (3) tests. Scores on the former were low, but nornial, and on the latter were
well within the normal range. Thus both tests indicated the prosence of otolith function.

The patient was rotated at 10 rpm about an Earth-horizontal axis for 90 sec on two
separate days. On each occasion he displayed a c,ear nystagmus response and thus dif-
fered from men without labyrinthine function who do not yield any clear nystagmus In
this situation. However, the patient's nystagmus response also differed from the response
el'cited from normal individuals, as illustrated in Figure I. During rotation in a clock-
wise direction, a normal subject displays a right-beating nystagmus which is diminished
as he rotates through the right-ear-down position und is augmented as he rotates throuigh
the left-ear-down position. During counterclockwise rotation, he displays a left-beat-
ing nystcamus which is diminished as he rotates through the left-ear-down position and
enhanced as he rotates through the right-ear-down position (Figure 1, upper panel). On
the first day of testing, the patient displayed a nystagmus which reversed direction from
right-beating to left-beating just after the nose-down poroition was passed, irrespective
of the direction of rotation (Figure 1, middle panel). Ten days later the patient was
tested again. On this day he had experienced dizziness prior to testirg, and he pos-
sessed a strong left-beating spontaneous nystagmus. During clockwise rotation about an
Earth-horizontal axis, he exhibited the same type of direction-reversing nystagmus he
had displayed on the first day of testing. During counterclockwise rotation, his nystag-
mus response was comparable to that of a normal Individual (Figure 1, lower panel).
Thus the positional modulation of his response to clockwise rotation was abnormal on both
days, while his nystuginus during counterclockwise rotation changed from one test to the
next, indicating tiat the vestibu!ar reoponse system was ;n a state of change, probably
due to an active pai-hological p.oc,-ss.

DISCUSSION

The rijture of the pathological process was such that, at the time he was tested,
the pationt still possessed otolith function, while horizontal cana! function had been
lost and vertical canal function was severely reduced. Thus his vestibular system func-
tionally resembled tkose of t.e cas whose otolith function remained intact after their
semicircular canals had been surgically blocked by Correia and Money (2). However,
in at least one important respect, his vestibular system probably differed from those of
Correia and Money's cats. Corre;a and Money were able to block the semicircuiar
canals without damaging the ampullae. Therefore, it is likely that spontaneous inflow
from the horizontal canal cr;stae was normal. On the other hand, the pathological
process seen in this patient can reasonably be presumed to have eliminated spontaneous
activity. The fact that the patient displayed a clear horizcrital nystagmus response dur-
ing rolation about an Earth-horizontal axis supports the conclusion that this response
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CLOCKWISE COUNTERCLOCKWISE
ROTATION ROTATION

RIGHT EAR LEFT EAR LEFT EAR RIGH7 EAR
DOWN DOWIN DOWN DOWN

RIGHT BEATING RIGHT BEATING LEFT BEATING LEFT BEATING
(DIMINISHED) (AUGMENTED) (DIMINISHED) (AUGMENTED)

RGHT EAR LEFT EAR LEFT EAR RIGHT EAR

DOWN DOWN DOWN DOWN

RIG0T BEATING LEFT BEATING RIGHT BEATING LEFT BEATING
RIGHT EAR LEFT EAR LEFT EAR RIGHT EAR

DOWN DOWN DOWN DOWN

RIGHT BEATING LEFT BEATING LEFT BEATING LEFT BEATING
(DIMINISHED) (AUJGMENTED)

Figure

Comparison of patient's response wifh a typical normal response. Nystagmus illustra-
tions are drawings (not actual records) to clarify the nature of the differences between
the patient and a normal person. Second test was performed i0 days after first.
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depends upon the otolith system. In addition, the indication is that the response may be
independent of spontaneous inflow from the semicircular canals.

On the basis of present evidence, it appears that Earth-horizontal axis rotation,
which yields an easily quantified nystagmus response, mi.ght provide a useful supplement
to other tosts of otolith function.
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